In most industrialized countries, the incidence of gastric cancer has been steadily decreasing since the beginning of the century. In Japan, however, the rate of stomach cancer continued to increase until the late 1950s, when it began to decline in parallel with western nations. 1 Recently, the World Health Organization declared a common gastric bacterium, Helicobacter pylori, a Group I carcinogen (a definite cause of human cancer). 2 This decision was based largely on studies indicating that the occurrence of gastric cancer is associated with the prevalence of H. pylori infection decades earlier. Although most of those infected are asymptomatic, infection with H. pylori causes localized inflammation that can persist for decades or even for life. 3 Given the association between H. pylori and the later development of stomach cancer, analysis of infection patterns among birth cohorts may aid in predicting their future incidence of stomach diseases.
A birth cohort is a group of people from the same community all born during a defined period. When a particular birth cohort evidences higher or lower rates of a condition when compared to groups born earlier or later (a birth 'cohort effect'), the environment to which that cohort was subjected is thought to have been distinct in some way. In the US and British populations, a decreasing prevalence of H. pylori infection among more recent birth cohorts has been observed.
*
3 As H. pylori is thought to be transmitted via oral-oral and/or oral-faecal mechanisms, declines in infection prevalence have been attributed to improved living conditions and increases in socioeconomic status. 6 " 10 Dramatic social transitions in Japan over the past half century provide a unique opportunity to examine evidence for a cohort effect associated with changes in the standard of living. Prior to World War II, Japan had developed from a mainly agricultural country into an industrial nation; the war resulted in a period of extremely compromised living conditions. Although Japan's growth as an economic power was rapid during the 1950s and 1960s, housing and other social amenities were largely neglected until the 1970s." Today, the country retains one of the highest incidences of gastric cancer worldwide, although the incidence is on the decline. 12 Of interest is whether these changes in the occurrence of stomach cancer reflect earlier declines in the prevalence of H. pylori. In order to investigate the hypothesis that H. pylori rates in Japan have decreased over the past several decades, we examined sera collected between 1980 and 1993 from Tokyo University Hospital patients of all ages.
METHODS
Sera for this study were obtained from all departments of Tokyo University Hospital in Tokyo, Japan. Beginning in 1979, people visiting the hospital were screened for Hepatitis B virus to examine whether blood type was correlated with infection. Sera from the Hepatitis B study were banked and stored at -4°C. For this study of H. pylori prevalence, we selected samples drawn in 1980, 1983, 1986, 1989, 1991 and 1993 . Each 0.5 ml aliquot was labelled with patient name, hospital department from which the serum was drawn, date of collection and sample number. These identification criteria were then linked by computer to patient age, date of birth and gender. Because very common names could not be successfully matched to patient information, only sera from those with unique names could be evaluated. The final collection of samples (N = 1494) was flown on dry ice from Japan to San Francisco, California, where they were stored at -70°C prior to analysis.
For each year, 30 samples (15 from males and 15 from females) were randomly selected for analysis from each of the following age groups: <1, 1-4, 5-9, 10-19, 20-29, 30-39, 40-49, 50-59, 60-69 and >70 years old. For some of the age/gender categories, fewer than 15 samples were available; in these instances, all samples were tested. For 1991, no sera were available from children aged less than 10 years. For the purpose of analysing risk associated with birth year, each sample was assigned to a birth cohort based on the decade in which the participant was born. Due to small numbers of samples from people born prior to 1920 or after 1980, two separate strata were created for sera from those born between 1880-1919 or between 1980-1993.
Samples were tested by enzyme-linked immunosorbent assay (ELISA) for IgG antibodies to H. pylori. 13 The ELISA used to analyse these samples is 90% sensitive and 100% specific for active infection as confirmed by gastric biopsy in 58 subjects separate from the current study. 14 Data were analysed using SAS (SAS Institute, Cary, NC) and Epilnfo (Centers for Disease Control and Prevention, Atlanta, GA). Simple univariate procedures such as calculations of frequencies were conducted using SAS. Epilnfo was employed in the calculation of risk ratios and x 2 tests for trend. Evidence for a cohort effect was examined by logistic regression multivariate modelling using EGRET (Statistics and Epidemiology Research Corporation, Seattle, WA).
RESULTS

Subjects
In all 1207 samples (80.8% of the total number) were analysed by ELISA for IgG antibodies to H. pylori. These sera represented people from less than one year of age to 94 years old, born between 1886 and 1993. Some 470 sera (38.9%) were positive for H. pylori.
Univariate Analysis
When analysed individually, both older age and membership in earlier birth cohorts were significantly associated with increased risk of infection. Prevalence of H. pylori increased with each decade of life up until the age of 60-69, then decreased slightly among people aged 5*70 years. Birth cohorts from before the 1960s exhibited much higher rates of infection (42.2-60.4%) than did more recent cohorts (10.9-24.3% infected) ( Table 1) . Infection was more commonly detected in samples drawn since 1986 (40.2-50.6% infected) than in serum drawn in 1980 and 1983 (27.7-28.7% infected). Prevalence of infection in males and in females was comparable. Age-specific rates of H. pylori infection plotted by 10-year birth cohorts indicated an inverse cohort effect in those born prior to 1960 (Figure 1 ). For instance, people born in the 1950s exhibited higher age-specific rates of infection than did those born in the 1940s, who in turn had higher rates than those born in the 1930s. The opposite trend held true among people born subsequent to 1950; since then, a decline in age-specific infection rate by birth cohort was evident.
Multivariate Analysis
Evidence for a cohort effect was examined by including age and era of birth in logistic regression models, with infection as the dependent outcome. Older age was always significantly associated with an increased risk of infection. When analysed as a continuous variable, birth year was positively associated with risk of infection, but was of marginal significance (/" = 0.05-0.10). In Table 2 , we present the model which assesses risk of H. pylori associated with age and with decade of birth. Consistent with Figure 1 , this multivariate model suggests that risk of infection was also related to decade of birth, with risk peaking among those born in the 1940s and 1950s. There were no significant interactions.
Since multivariate and graphical analysis suggested that risk was greatest in the 1950s, we examined evidence for a birth cohort effect among people born between 1886 and 1959 and among those born since 1950. A cohort effect was detected among those born before 1960, with both older age (odds ratio [OR] = 1.06, P < 0.001) and more recent birth year (OR = 1.04, P = 0.03) associated with an increased risk of infection. A birth cohort effect was not seen in people born since 1950; in this group, age (OR = 1.08, P < 0.001) but not birth year (OR = 1.02, P = 0.48) was a significant risk factor for H. pylori.
DISCUSSION
In these sera samples collected in Tokyo, Japan, H. pylori IgG antibody prevalence generally increased with age and was greater among people born prior to 1960. For birth cohorts born between 1920 and 1959, age-specific infection prevalence increased with each successive birth cohort. Careful examination of birth by decade shows relatively higher age-specific prevalence of infection among people born in the 1940s and especially in 1950s. Graphical analysis also provides strong evidence of a cohort effect in the years surrounding World War II (Figure 1) .
Our findings of an increasing risk of H. pylori associated with age and a higher prevalence of infection among earlier birth cohorts are consistent with previous sero-epidemiological studies in Japan. In a study of 1815 healthy blood donors from four areas of Japan, Fukao found the prevalence of H. pylori to increase with age up to about age 40 or 50." In a study of 418 asymptomatic Japanese children and adults, Asaka found that risk of infection among those born before 1950 was high (70-80%) and approximately double that of those born in later years. 16 In the latter study, age and birth cohort effects could not be individually assessed.
Childhood is a critical time for acquisition of H. pylori, 11 and conditions during the first decade of life may be particularly important in determining an individual's risk. Here, the increased prevalence of H. pylori among people born during wartime likely attests to the impact of adverse early childhood living conditions on the risk of infection. During wartime, living conditions in Tokyo (and other areas of Japan such as Hiroshima and Nagasaki) were markedly reduced. The 1945 firebombings of Tokyo left the entire city in ruins. 18 Public sanitation and housing facilities were severely compromised, and while the city was rebuilt people were forced to live in rudimentary huts. 18 Unfortunately, statistics regarding the availability of running water, flush toilets and refrigeration are generally lacking for the period between 1945 and 1950. Living needs such as housing and sanitary sewers were given second priority, the first being to reinstate the Japanese economy. 18 Real wages attained their pre-war levels by the early 1950s, but urban congestion, poor sanitary conditions and a housing shortage prevailed long after this. " Between 1945 and 1955 , the population of Tokyo grew from 2.78 million to 6.96 million, resulting in a tremendous demand for land and housing. In 1953, each Tokyo citizen had an average of 4.8m 2 (2.9 tatami mats) of living space and 31% of houses were considered dilapidated or in need of repair.
19 Even 23 years after the end of the war, 45% of Tokyo families lived in tenements with shared toilets and kitchens. 18 In addition to crowding and abject sanitary conditions, both previously associated with H. pylori, 6 ' 10 the quality and quantity of available food may have contributed to an increased risk for infection. Due to the six million repatriated Japanese returning from overseas, a post-war baby boom, and a 40% decline in agricultural production, food shortages and malnutrition were prevalent after the war." In 1954, only 21.2% of Tokyo households, and 19.4% of Japanese households overall, possessed refrigerators or iceboxes. 20 Lack of refrigeration may have resulted in higher intake of salty foods, shown in one Japanese study to be associated with an increased risk for H. pylori infection. 21 In more recent years there appears to be a downward trend in infection prevalance, although the last decade suggests a recent increase in seropositivity. During these last few decades, Japanese citizens have enjoyed continued economic progress as well as improvements in living conditions." Between 1954 and 1967, Japan's GNP grew three times as fast as that of the US. 21 By 1966, 61% of households in Japan had refrigerators 21 and by 1969 this figure had reached 94.4%. 22 By 1983, 98.8% of Tokyo citizens (and 94% of Japanese citizens overall) had running water. 23 Thus, the age-specific decreases in H. pylori prevalence among cohorts born subsequent to the 1950s may demonstrate the protection afforded by restoration of sanitation facilities and provision of adequate housing. Similarly, the decreasing risk of gastric cancer in Japan 24 may reflect improvements in living conditions. Japan's decline in stomach cancer incidence, delayed relative to that of other modernized countries, 1 24 This discrepancy suggests that other factors are important in determining infection outcome.
The results of this study may be affected by possible biases resulting from serum handling and selection. Sera drawn in more recent years were more likely to have IgG antibodies to H. pylori. It may be that the longer duration of frozen shortage and/or the repeated thawing and re-freezing of older samples caused a loss of antibodies, lowering the ELISA's ability to detect infection. Another possible bias may be introduced by our use of sera originally drawn to examine the association between Hepatitis B and blood type. The screening criteria were not defined to ensure a representative sample of the Tokyo population or even a statistically random sample of people visiting the hospital. Further, we cannot know what biases, if any, are presented by the examination of sera from people with unique names. Still, given these possible prejudices, our analysis of a relatively large number of sera (N = 1207) produced results compatible with previous studies. These data confirm the increasing risk of infection associated with older age and the inverse relationship between standard of living and prevalence of H. pylori.
This seroprevalance study demonstrates that changing living standards impact each birth cohort's risk of infection; specifically, these data support a birth cohort phenomenon among those born during wartime. As in previous studies, this evidence argues that infection transmission is increased by compromised sanitation conditions and household crowding, circumstances which characterized wartime Japan. The bacterium, Helicobacter pylori is now recognized as a cause of both peptic ulcer disease and gastric cancer. Because of their higher prevalence of infection, Tokyo citizens born in the 1940s and especially the 1950s may have continued higher rates of H. ^/on-related diseases for decades to come.
